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UNDERPINNING USING MICROPILES FOR FRAGILE BUILDING ADJACENT TO
DEEP EXCAVATION IN MANHATTAN, NEW YORK
Chu Ho
Arup
New York, NY 10005, USA

Adrian Pena-Iguaran
Arup
New York, NY 10005, USA

ABSTRACT
A deep excavation was to be carried out adjacent to a fragile building in weak ground. An underpinning scheme utilizing 250kips
capacity micropiles socketed into the bedrock was designed to provide stability to the building during the excavation. In adopting the
micropile system, the interior of the basement had to be retrofitted with a new reinforced concrete structural system of walls, slabs and
beams to provide rigid framing for transfer of loads between the existing structural walls and the new micropiles. The micropiles were
installed from inside the basement of the adjacent building under low headroom conditions. A preliminary load test on a sacrificial test
pile was carried out to confirm the design assumptions for the rock socket bond strength achievable in the rock. The test pile was
instrumented with five levels of strain gages to determine the load distribution along the pile. Evaluation of the load test results
indicated that the rock socket bond strength achieved was 186.7psi and a minimum factor of safety of 2.15 was achievable for a 9ft
long and 8.5ins diameter rock socket. The bedrock levels encountered during production drilling were highly variable. The maximum
difference in the toe level of installed micropiles was 6.8ft.

INTRODUCTION
The construction of the Second Avenue Subway Line in
Eastern Manhattan, New York, involved several deep
excavations adjacent to existing fragile buildings constructed
in the mid-1900s. These buildings were generally four to five
stories high with a single rubble wall basement supported on
timber piles or seated directly on grade. The conditions of
these timber piles were poor and connections to the footings
were often compromised due to rotting of the timber within
the zone of water table fluctuation. This was the case at one of
the ancillary structures, where weak soils at the site posed a
challenge for the stability of the adjacent fragile building due
to the significant ground movements that may result from the
adjacent deep excavation.
The general ground surface elevation at the site was at EL
+117.83ft. The ancillary structure was located mainly
underground with a roof, an intermediate mezzanine floor and
an invert slab. The underground structure occupies the space
beneath 93rd Street and the existing sidewalks on each side, as
well as the lot of land immediately adjacent to the sidewalk to
the north. An above-ground building rises from the
underground space to about 4 stories high on this lot adjacent
to existing four-story fragile buildings. The bottom of the
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Fig. 1. Proximity of excavation adjacent to building
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invert slab is at EL +53.75ft and is located within the
competent glacial till or decomposed rock, except at the
southeastern corner of the site where the bedrock was
encountered. Below the invert slab is a 12ft thick crushed
stone drainage layer and a polyethylene vapor barrier. A
geotextile fabric separates the crushed stone layer from the
excavated subgrade. Fig.1 shows the relationship between the
existing fragile buildings and the deep excavation.
The bottom of the excavation was about 65ft below existing
ground level. The excavation would be supported by secant
piles socketed a minimum 2ft into the rock along the northern,
eastern and southern boundaries of the site. The excavation
will be braced by five levels of temporary steel struts between
the north and south sides and temporary concrete diaphragm
slabs on the eastern side.

SUBSURFACE CONDITIONS

Symbol

Soil Unit
Fill

The most critical consideration was the impact of the
excavation on the northern boundary which fronts the full
length of the one of the adjacent fragile buildings. Fig.2 shows
the ground profile cutting across the excavation and the
building. The subsurface stratification consisted of fill
overlying organics, silty sand, varved silts, glacial till,
decomposed rock and the bedrock of Manhattan Schist. The
depth of the bedrock was highly variable. Water table was at
approximately EL+105ft.

Organic Silt
Silty Sand
Varved Silt

Fig. 3. Standard Penetration Test (SPT) blow counts

counts in the fill were highly variable, ranging from 10 to 40
blows/ft, indicating that the fill was loose to medium dense.
The organics layer was soft to medium stiff with SPT values
between 3 and 9 blows/ft. In general, the organics layer was
over-consolidated with typical OCR values between 1.0 to 6.4.
The thickness of the organics at the site varied between 15 to
25ft, suggesting that the organics layer would have a
significant impact on the settlement and stability of the
neighboring buildings. There is a layer of silty sand about 15
to 25ft thick below the organics layer. The silty sand layer was
medium dense to dense as observed from the SPT values
which ranged from 20 to 50 blows/ft. The thickness of varved
silts ranged from 15 to as much as 35ft in the vicinity of the
site. SPT values appear to decrease with depth within the
varved silts from about 20 to 40 blows/ft to slightly less than
10 blows/ft at depth.

Fig. 2. Subsoil profile across site
Fig.3 shows the Standard Penetration Test (SPT) blow counts
for the overburden soils based on borings on and around the
site. The fill was up to 20ft thick and generally consisted of
sandy backfilled soil from prior construction activites. SPT
blow
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The glacial till layer thickness was about 7 to 10ft thick,
comprising mainly medium dense to dense fine to coarse
gravel and sand, with some silt and trace of mica. The
decomposed rock is a very dense micaceous fine to medium
sand, with some silt and rock fragments. The bedrock was
moderately hard to hard, fresh to slightly weathered, medium
to coarse grained, quartz-mica-garnet schist, with thin
horizontal to vertical foliations and rough very closely to
closely spaced joints and fractures. The rock quality is highly
variable as indicated in Fig. 4 and generally decreased with
depth.
2
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Borehole ID
B-1P
B-1D
B-2D
B93-3
B93-6
TP-1
TP-2
TP-3
TP-4
TP-5

Average values within the
shown depth intervals

Fig. 4.Rock Quality Designation (RQD) of bedrock

UNDERPINNING SCHEME
Two dimensional finite element analyses were carried out to
evaluate the behavior of the adjacent building in response to
the excavation ground displacements around the site using the
computer software PLAXIS (Fig.5). Several options of
underpinning using jet grouting for the south and/or north
walls of the adjacent building were investigated, however the
deformation modulus of the grouted foundation support
provided was insufficient to restrict the building settlements to
within tolerable limits. Underpinning using a stiff micropile
system was subsequently considered with the options of
underpinning only the south wall or underpinning both the
south and north walls. It was concluded that the first option
would result in significant differential settlement between the
south wall which is underpinned and the north wall which is
not underpinned. By underpinning both the south and north
walls, it was possible to limit the settlements to 0.05ins and
0.5ins respectively, with a differential settlement of about 1 to
670.

NB

Fig. 5. Comparison of achievable ground settlements for
different underpinning schemes

The final design adopted a stiff structural system that included
new internal transfer beams supported on micropiles socketed
into the bedrock. New up-stand walls, with dowels drilled and
grouted into the existing rubble walls to provide a rigid shear
mechanism, were cast integral with the transfer beams to
restrict the building displacements. The rubble walls in the
basement had to be strengthened by pointing. The micropiles
were located as close as possible to the walls to ensure
effective load transfer. Fig.6 shows the existing condition of
the basement, where the existing columns, footings and slabs
had to be removed to incorporate the new underpinning
scheme. Fig.7 shows the new underpinning scheme.

Fig. 6. Existing basement condition, with removal of internal
columns, footings and slabs
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0.7ft above the ground surface with the top at EL+117.8ft.
Drilling was carried out using a rotary-percussion duplex
system with internal water flush, i.e. water is used to remove
the drill cuttings to the ground surface within the casing. Both
casing and drill rod were advanced simultaneously while

Fig. 7. Final adopted underpinning scheme using micropiles

MICROPILE DESIGN
The micropiles were designed for a working capacity of 250
kips. The design included a central reinforcing bar, consisting
of a 2.5ins diameter high strength Dywidag threadbar with
cross-sectional area of 5.16in2 and ultimate strength of 150ksi,
and grout with 28-day compressive strength of 5000psi. FX-32
water reducing admixture was added to achieve high early
strength. A permanent steel casing with outer diameter of
9.625ins and wall thickness of 0.545ins was additionally
installed to provide protection for the grout against potential
collapses that may occur within the upper weak soil layers
during installation, as well as for lateral resistance to potential
induced ground displacements during the excavation adjacent
to the building. The yield strength of the casing was 80ksi.
The rock socket was to be installed within Class 1B medium
hard rock based on the New York City Building Code (2008),
defined as rock with Rock Quality Designation (RQD) of at
least 50%. The design assumed a nominal rock socket
diameter of 8.5ins with grout-rock bond strength of 200psi. A
clear grout cover of 3ins was required around the reinforcing
bar within the rock socket. Plastic PVC centralizers were
required at every 10ft. A 2ins thick steel plate 18ins by 18ins
in dimension with yield strength of 50ksi was provided at the
top of the pile. Fig.8 shows the typical micropile details.

INSTRUMENTED PILE LOAD TEST
Test Pile Installation
A preliminary test pile (TP-A) was installed to confirm the
design assumption for the rock socket bond strength. The test
pile was located at an empty lot of land next to the adjacent
fragile building. The pile was drilled on July 28 2012 and
grouted the next day. Drilling was completed within 8 hours of
the first day.
The ground surface level at the test location was EL+117.1ft.
The test pile was installed with the casing protruding about
Paper No. 2.47

Fig. 8. Typical micropile details

water was pumped through the rod to flush the hole. A roller
bit was used on the inner drill rod for advancing the casing to
the top of the rock, which was encountered at about 85ft
belowground, i.e. EL+32ft. The casing was seated firmly into
the top of the rock to provide a tight seal against the rock. The
total length of casing was 90.7ft with the bottom of the casing
at EL+27.1. The inner drill rod with roller bit was then
withdrawn and a down-the-hole hammer with air flush was
introduced to form the rock socket up to 9.5ft below the
bottom of the casing, terminating the pile at EL+17.6ft.
The reinforcing bar was installed in one full length with the
upper section extending 1.8ft above the casing top. Five
levels of sister bar strain gauges were installed on the
reinforcing bar at elevations EL+104.3 (SG1), EL+69.3
(SG2), EL+33.3 (SG3), EL+24.3 (SG4) and EL+21.3 (SG5),
with the upper three strain gages located within the cased
4

section and the lower two strain gages located within the rock
socket. Grout was placed using the tremie method through a
temporary HDPE plastic tube placed to the bottom of the hole.
Fig.9 shows the estimated soil profile encountered and the test
pile details.

pile was loaded, complications arose with the timber cribbing
tower when they started to crush under 100% working load.
The pile was immediately unloaded and new cribbing towers
had to be set up the next day. Load application then
recommenced on August 3 2012 with final unloading
completed on August 4 2012 after about 24 hours.
Pile Response Under Tension Load
The test load was re-applied in one cycle in 25% increments
up to 100% design load in 20min intervals, and subsequently
from 125% to 200% design load in one hour intervals. At the
maximum test load readings were observed for 14 hours
before unloading commenced. Unloading was carried out in
four equal steps of 50% increments in one hour intervals. At
zero load, pile movements were further observed for another
one hour before the test was terminated.
Fig. 10 shows the load-movement response of the reinforcing
bar and casing at the pile head. As can be seen, the observed
movement of the reinforcing bar is much larger than that of
the casing, with increasing deviation as applied loading is
increased. At the maximum test load, the movement of the
reinforcing bar was about 1.4ins, while that for the casing was
about 0.95ins. This suggests that tensile cracking had occurred
in the grout as the load in the reinforcing bar was being
transferred to the casing and potential debonding could have
taken place in the upper cased section of the pile.

Fig. 9. Test pile (TP-A) and instrumentation details

Load Test Set-up
A tension load test was conducted in accordance with the
procedures of ASTM D36899-07 Method B (2007). The test
beam was 29ft long and consisted of two W40x173 sections
placed side by side. The test beam was seated on two wooden
cribbing towers stacked about 4ft by 12ft in plan. The base of
the cribbing towers were located a minimum of 8ft clear from
the test pile. A coupler was used to extend the central
reinforcing bar of the test pile through the middle of the test
beam to engage a 250 tons capacity center-hole jack centered
over the test beam. The pressure gauge was calibrated together
with the jack. A cylindrical vibrating wire load cell was used
to measure the load delivered from the jack to the reinforcing
bar. Four dial gauges with a precision of 0.001ins were used to
provide readings against reference beams fixed on the ground,
two to measure the movement of the central reinforcing bar
and two to measure the movement of the top of the casing.
Movements of the test pile were independently
counterchecked using a piano wire set up.
The load test was initially started on August 2 2011. As the
Paper No. 2.47
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Movement
Measurement
Location
Reinforcement Bar
Steel Casing

Fig. 10. Load versus pile head movement

The ultimate pullout capacity (Qsu) may be estimated using the
inverse plot as recommended by Chin (1970) assuming that
the mobilization curve for shaft resistance (Qs) can be
represented by a hyperbolic function. On this basis, the
ultimate pullout capacity was determined by calculating the
slope of the latter portion of the plot as shown in Fig.11. As
5

can be seen, the value predicted by the inverse plot for the
reinforcing bar tends to give a lower bound result (Q su =
1835kips) compared with that given by the inverse plot for the
casing (Qsu = 3550kips). The former result was likely to reflect
the interaction between the reinforcing bar and the grout rather
than the behavior at the casing-soil interface. However, only
the upper 90.7ft of the full pile length of 100.2ft was cased,
hence it was difficult to derive a meaningful estimate of the
ultimate shaft resistance from the inverse plot procedure since
the shaft resistance provided by the rock socket could not be
separated from that along the casing.

However, the measured strains within the rock socket (SG4
and SG5) were too small for a meaningful determination of
the equivalent pile stiffness. In the subsequent analysis, the
pile stiffness for the rock socket was therefore based on the
reinforcing bar and grout properties as follows:EA = EsAs + EgAg

(2)

where Es = Young’s modulus of Dywidag threadbar
(29,700ksi), As = area of Dywidag threadbar (5.16ins2), Eg =
Young’s modulus of grout and Ag = area of grout (52.05ins2)
The load test was recommenced on the fifth day after the pile
was installed. Test results on grout samples taken indicated
that much high strength than the design value of 5000psi were
achieved (Table 1). Hence the 5-day strength was considered
more appropriate for determining the in situ grout strength and
Young’s modulus. On this basis, f’c = 8455psi was assumed
based on the average value obtained from the 3-day and 7-day
test results and Eg was estimated to be 5241.2ksi using Eqn (3)
below.
Eg (ksi) = 57√f’c (psi)

Symbol

(3)

Using Eqn (2), the pile stiffness for the rock socket was
estimated to be EA = 426,056.5kips, with the reinforcing bar
contributing about 36% of the overall pile stiffness.

Movement
Measurement
Location
Reinforcement Bar
Steel Casing
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Strain Gauge ID

Strain Gauge
Elevation, ft

Strain Gauge ID

Strain Gauge
Elevation, ft

SG1
SG2

+1054.3

SG1

+1054.3

+69.3

SG2

+69.3

SG3

+32.3

SG3

+32.3

SG4

+24.3

SG4

+24.3

+21.3

SG5

+21.3

Fig. 11. Inverse plots for reinforcing bar and casing
movements
SG5
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Shaft Resistance in Soil and Rock
In deriving the load distribution along the test pile, the selfweight of the reinforcing bar, casing and grout was deducted
from the applied load at the pile top for all load increments.
Fig. 12 was derived using the procedure of Fellenius (1989),
plotting the ratio of the change in load to the change in strain
against the average strain for each load increment for each of
the five strain gages. The pile stiffness is represented by the
product of the equivalent modulus (E) and cross-sectional area
(A) of the composite pile section. As can be seen, it was
possible to obtain a best fit line through the data points for the
upper three strain gages (SG1, SG2 and SG3) for the cased
portion of the pile as follows:EA (kip) = -364  (microstrain) + 748000
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Fig. 12. Derivation of pile stiffness response
(1)
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Table 1. Test results for grout cubes taken from test pile
Test Age
(days)
3
3
7
7

Sample ID
1/A
2/B
3/C
4/D

Cube size
(ins)
2x2
2x2
2x2
2x2

Compressive
strength (psi)
7430
7560
9030
9800

Based on the pile stiffness derived above, the load distribution
along the pile was established (Fig. 13). The pile top load was
bounded by the value indicated by the load cell for each load
increment. The upper two strain gages (SG1 and SG2) did not
produce sensible results and were ignored. The load shedding
along the casing was determined by establishing a linear line
from the pile top load to the load predicted by strain gage SG3
and extrapolating it to the bottom of the casing. The load
distribution within the lower section of the rock socket was
based on the strain measurements of SG4 and SG5 and using
the theoretical pile stiffness (EA) of the reinforcing bar and
grout. The load distribution along the upper section of the rock
socket below the casing was obtained by interpolating
between the estimated load at the bottom of the casing and the
load derived from strain gage SG4.

while shaft resistance in the upper section was still being
mobilized at about fsu = 7ksf (48.5psi). By prorating the
maximum values of unit shaft resistance obtained above by the
respective lengths of the upper section (2.8ft) and lower
section (3ft) of the rock sockets, a conservative estimate of the
unit shaft resistance would be fsu = 186.7psi, which was
sufficiently close to the 200psi assumed in the design,
considering that the full failure load had not yet been reached
in the upper rock section. The derived result was consistent
with the average RQD value of 48% obtained for the upper
10ft of the rock surface (Fig.4). Based on the above estimate
of shaft resistance, and assuming a 9ft long rock socket with a
diameter of 8.5ins as per the original design, the estimated
rock socket resistance would be 538.4kips. Hence, a minimum
factor of safety of 2.15 would still be maintained for a design
working load of 250kips, ignoring the contribution of the
overburden soils above the rock.
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% Design
Load

Applied Net
Load, kip

Head
Upward
Movement,
in

25

39

0.11

50

99

0.26

Elevation
Range, ft

Side
Resistance,
ksf

Pile Interface

+21.3' to 24.3'

45.48

Grout-Bedrock

+24.3' to +27.1'

6.99

Grout-Bedrock

0.41
Fig. 14. Shaft resistance
versus average movement
75

162

100

228

0.57

125

290

0.74

150
348
0.92
PRODUCTION
MICROPILE
INSTALLATION
175

Fig. 13. Load distribution curves
The loads shed between the upper and lower sections of the
rock socket were normalized by the respective surface areas of
the rock socket sections to obtain the unit shaft resistance (fsu).
Fig.14 shows the mobilization curves of unit shaft resistance
for the rock socket. It can be seen that the initial response of
the rock was rather similar up until the movement reached
about 0.0015ins when the upper section began to deviate
towards a softer response. The lower section of the rock socket
exhibited a clear failure mode at about fsu = 45.5ksf (315.8psi),
Paper No. 2.47
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1.12

200
471
1.39
The production
micropiles
were carried out from within the
existing basement of the adjacent building. The basement had
to be stripped out with the internal columns, footings and floor
slabs demolished to the foundation subgrade level. An existing
entrance on the east wall had to be enlarged and reconstructed
to provide access for the drilling machine. The required clear
minimum headroom was 9.5ft measured from the drilling
subgrade to the lowest overhead obstruction. Low headroom
equipment had to be used and casing and rods were installed
in short sections. Casings were manufactured in 3, 5 and 10ft
lengths with flush-joint threads on each end. The starting
casing section on each pile included a ring bit with tungsten
carbide inserts to facilitate penetration into the ground. The
reinforcing bars were installed in 10ft sections and joined
using full-load couplers. The production rate achieved was one
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pile in three to four days. Fig.15 shows the typical drilling
rates achieved through the overburden soils, till and
decomposed rock.
Bedrock levels and the quality of rock encountered during
drilling were highly variable. Fig.16 shows the contours of the
top of bedrock as encountered in the field. 9ft long rock
sockets were advanced below these levels. The maximum
difference in pile toe levels was 6.8ft.

design load with a factor of safety of 2.15, ignoring the
contribution of the overburden soils. The production piles
were installed from within the basement of the fragile building
under low headroom, using short sections of steel reinforcing
bars and casings. Production achieved was about one pile in
three to four days.

Fig. 16 Top of bedrock encountered by production micropiles
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Fig. 15. Typical drilling rates for installation of
production micropiles

CONCLUSIONS
This paper presents the design of an underpinning scheme
using micropiles socketed into the bedrock to stabilize a
fragile building located adjacent to a deep excavation in weak
soils. The micropiles were drilled and grouted in place with a
2.5in diameter high strength Dywidag Threadbar with ultimate
strength of 150ksi and 5000psi grout. A 9.625ins diameter
permanent steel casing 0.545ins thick was installed to provide
protection to the grout against collapses within the weak soil
layers during pile installation and also for lateral resistance to
ground displacements during the excavation. A tension load
test was conducted on a instrumented test pile and confirmed
that the average unit shaft resistance of 186.7psi was
achievable in the rock socket. The final design indicated that a
9ft long rock sockets with 8.5ins diameter could carry the
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